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ABSTRACT 
 
The aim of this study was to determine the effectiveness of different solvents in extracting phenolic 
compounds  and  the  evaluation  of  antioxidant  capacity  in  apple  (Malus  domestica  Borkh)  and 
strawberry (Fragaria ananassa Duch). The values of phenolic compounds and antioxidant capacity 
found in the literature show a large discrepancy, even when it comes to the same species, or even 
the  same  cultivar.  The  existing  literature  shows  ethanol,  acetone  and  methanol,  as  the  mainly 
extractors of polyphenols in fruits at different concentrations. There is no consensus on the most 
effective. In the present study we tested methanol, ethanol and acetone at concentrations of 0, 25, 
50, 75 and 100% extractor/H2O (v/v) in peel and pulp of apple and strawberry. Our findings show 
that acetone 75% is the best extractor for phenolic compounds and their corresponding antioxidant 
capacity,  better  estimating  the  actual  composition  of  strawberries  and  apples  for  both  tissues 
studied. Methanol, known for its high toxicity showed the lowest extraction capacity among the 
tested  extractors  followed  by  ethanol.  It  was  also  observed  that  apples  peel  has  phenolic 
compounds and antioxidant levels substantially higher than apple pulp and strawberry. 
 
Keywords:  Malus  domestica,  Fragaria  ananassa,  soluble  phenolics,  antioxidante  capacity, 
solvente, extractors. 
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INTRODUCTION 
 
Apple is the most important temperate fruit marketed 
as fresh fruit in the national and international context 
(Mello  2004).  It  is  also  the  most  consumed  fruit  in 
Western  countries.  An  important  aspect  taken  into 
account when explaining this high consumption is its 
reputation  as  "healthy  food".  Apples  are  globally 
appreciated for their taste, aroma and texture and also 
have  been  strongly  associated  with  reduced  risks  of 
diseases such as cancer and cardiac disorders (Castro 
Monte 2006). In the Western diet, apples are one of 
the major sources of phenols. In the United States, for 
example, 23% of the phenolic compounds consumed 
are  derived  from  apple,  thus  constituting  the  primary 
source of these phytochemicals (Speisky 2006).  
      Several  beneficial  properties  of  strawberry 
consumption  have  also  been  documented  as 
increased blood antioxidant capacity in humans (Cao 
et  al.  1998),  anticarcinogenic  activity  (Carlton  et  al. 
2001)  and  antithrombotic  effects  (Naemura  et  al. 
2005).  These  benefits  have  also  been  attributed  to 
phenolic  compounds,  which  are  found  in  large 
amounts in strawberry (Hannum 2004).  
      Among  the  phytochemicals,  phenolic  compounds 
have  received  special  attention  for  their  high 
antioxidant  activity  (Tsuda  et  al.  1994).  Phenolic 
compounds are  widely distributed in plants acting as 
attractive  to  insects,  free  radical  scavengers  and 
defense  against  ultraviolet  radiation,  pathogens  and 
predators  (Robards  et  al.  1999,  Treutter  2001, 
Solovchenko and Schmitz-Eiberger 2003, Hagen et al. 
2007, Petkovsek et al. 2007). Phenolic compounds are 
generally described in the literature such as belonging 
to a broad group of compounds found in nature, which 
have  as  their  main  characteristic  the  presence  of 
multiple functional phenol type radicals (Tückmantel et 
al.  1999).  There  are  a  large  number  of  studies 
concerning  the  phenolic  compounds  and  their 
antioxidant capacity in plants (Chavan et al. 2001, Goli 
et  al.  2004,  Prior  et  al.  2005).  The  mainly  used 
methodology  is  the  Folin-Ciocalteu  colorimetric 
method, however there is a big range of modifications, 
especially regarding the extractors used. The extractor 
used and its polarity can affect the electrons transfer 
and  the  hydrogen  atoms, which  is  the  key  aspect  in 
antioxidant capacity measurement (Pérez-Jiménez and 
Saura-Calixto  2006).  The  phenolic  compounds  and 
antioxidant  capacity  results  mainly  found  in  the 
literature show a large discrepancy even for the same 
cultivar and this is due largely to the use of different 
solvent  extractors  in  the  analysis,  such  as  acetone, 
ethanol or methanol (Antolovich et al. 2000). When an 
inappropriate  extractor  is  used,  often  the  analysis 
results are underestimated. 
      The apple peel or epidermal tissue, being in direct 
contact with the environment is composed of cells with 
thick  cell  walls,  with  a  layer  of  cuticle  and  deposits, 
usually waxes, oils and resins. On the other hand the 
pulp, consisting primarily of parenchyma has thin cell 
walls (Esaú 1977).  These factors could lead to distinct 
phenolic extraction between pulp and peel. 
      Methanol  is  one  of  the  mainly  used  extractor  for 
phenolic  compounds,  is  highly  toxic  and  can  cause 
environmental  damage,  contaminating  waterways 
(HSDB 2009). Acetone and ethanol have low toxicity to 
humans. The aim of this study was to determine the 
extracting capacity of methanol, acetone and ethanol 
at  concentrations  of  0,  25,  50,  75  and  100% 
extractor/H2O  (v/v)  with  respect  to  soluble  phenolics 
and their antioxidant capacity in the pulp and peel of 
'Gala' apple and strawberry ‘Aromas’. 
 
MATERIAL AND METHODS 
 
This study was performed in Bento Gonçalves city at 
the  Post  Harvest,  Microbiology  and  Instrumentation 
laboratories at Embrapa Uva e Vinho on Rio Grande 
do Sul (RS) State, Brazil. 
      We  used  apple  fruits  (Malus  domestica  Borkh) 
Gala  cultivar,  from  Vacaria-RS  and  strawberries 
(Fragaria ananassa Duch), Aromas cultivar, from Bom 
Principio-RS. 
Antioxidant  capacity.  The  method  of  free  radicals 
scavenging  developed  by  Brand-Williams  (1995),  is 
based on the decolorization of a violet colored solution 
containing  the  stable  radical  DPPH  (2,2-diphenyl-1-
picrylhydrazyl)  upon  addition  of  substances  that 
provide a hydrogen atom or by electron transfer of an 
antioxidant  compound  to  an  oxidant.  The  DPPH 
method has been proposed as a fast and accurate way 
to measure the antioxidant activity (Gil et al. 2000). In 
addition, the DPPH test is not specific to any particular 
antioxidant component, thereby applying to the general 
antioxidant  capacity  of  the  sample.  The  results  were 
expressed as μmol TEAC 100 g
-1fresh weight (Trolox 
equivalent  antioxidant  capacity  (6-hydroxy-2,5,7,8-
tetrametilcromo-2-carboxylic  acid  ethyl  ester)).  Peel 
and  pulp  of  apples  and  strawberries  were 
homogenized  separately  in  liquid  nitrogen.  For 
phenolic  compounds  extraction  we  used  1  g  of 
homogenized  tissue,  and  10  mL  (for  peel  and 
strawberries)  or  5  mL  (for  pulp)  of  each  solvent 
extractor:  acetone,  methanol  or  ethanol  at 
concentrations of 25, 50,  75 and  100%. The mixture 
was  kept  at  8  °C  for  15  h,  and  then  centrifuged  at 
1,000  x  g  for  20  min.  950  μL  of  the  DPPH  solution 
were  added  to  50  μL  of  the  supernatant,  leaving  at     
25  °C  for  15  minutes  and  subsequently  read  in  a 
spectrophotometer  (Perkin  Elmer  UV  /  VIS  
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Spectrometer  Lambda  Bio)  at  515  nm.  For  the 
standard  curve  was  used  Trolox  (6-hydroxy-2,5,7,8-
tetrametilcromo-2-carboxylic  acid  97%,  Aldrich 
Chemical Co., Gillingham, Dorset, UK) as antioxidant 
reference. For the controls, water was used instead of 
the fruit extract and added to the same components of 
the reaction described above. 
Phenolic  compounds.  The  Folin-Ciocalteau  reagent 
was  used  for  determining  the  content  of  phenolic 
compounds  as  described  by  Singleton  and  Esau 
(1969).  This  method  is  based  on  the  color  change 
measured at 765 nm caused by the reduction of Folin-
Ciocalteau reagent in presence of sodium carbonate. 
The  phenolic  compounds  were  expressed  using  a 
standard curve prepared with gallic acid in mg of gallic 
acid equivalents (GAE) per 100 g
-1 fresh wheight. For 
phenolic  extraction,  we  used  1  g  of  tissue 
homogenized  in  liquid  nitrogen,  15  mL  (for  peel  and 
strawberry)  or  10  mL  (for  pulp)  of  each  extractor 
solvent:  acetone,  methanol  or  ethanol  at 
concentrations of 25, 50, 75 and 100%. Samples were 
kept at 8 ° C for 15 h, centrifuged for 20 min at 1000 x 
g. For the reaction 20 µl of the supernatant, 1.58 ml of 
water  and  100  mL  of  Follin-Ciocalteau  reagent  were 
used.  After  manual  agitation,  we  added  sodium 
carbonate, followed by manual agitation. The mixture 
was allowed to stand in the dark for 2 h at 25 ° C. The 
measurement was performed in  a spectrophotometer 
at  765  nm  (Perkin  Elmer  UV  /  VIS  Spectrometer 
Lambda Bio). For the controls we used 20 μL of water 
instead of fruit extract. 
 
RESULTS AND DISCUSSION 
 
Phenolic  compounds.  The  solubility  of  phenolic 
compounds  in  a  solvent  is  a  peculiar  feature  of  the 
phytochemical, which explains the lack of a universal 
procedure  and  the  need  for  careful  selection  of  the 
extraction method (Caetano et al. 2009). 
      Many studies show that apples are a rich source of 
phenolic  compounds,  especially  flavonoids,  whose 
activity  and  concentration  vary  with  cultivar,  maturity 
stage, and environmental  conditions of the fruit (Van 
Der Sluice et al. 2001, Kjersti et al. 2004). Flavonoids 
are characterized largely by hydroxylation around the 
center ring. Flavonoids extracted from apples show a 
high number of hydroxyl groups and a large number of 
double bonds, and these properties have been related 
to increased antioxidant capacity (Tsuda et al. 1994). 
      In  Figure  1A  we  observe  phenolic  compounds  in 
apple  pulp,  expressed  in  mg  100  g
-1  EAG.  Acetone 
75%  showed  better  performance  in  extracting  and 
more  efficiently  estimated  the  content  of  phenolic 
compounds in apple pulp presenting 109.04 mg 100 g
-1 
EAG, being significantly higher when compared to the 
other  extractors  at  different  concentrations.  Ethanol 
and  methanol  showed  reduced  extraction  capacity 
underestimating  the  actual  content  of  these 
compounds in the pulp. Soares et al. (2008) working 
with apple bagasse found similar results. Rockenbach 
et al. (2008) testing acetone and ethanol as extractants 
in grape bagasse concluded that acetone 50 and 70% 
showed better results in the phenolic extraction. 
      Figure  1B  shows  the  concentration  of  phenols  in 
apple peel. Acetone 50 and 75% showed the highest 
extraction  capacity,  significantly  higher  compared  to 
other  extractors  in  different  concentrations, 
respectively  695.25  mg  100  g
-1  EAG,                    
708.04 mg 100 g
-1 EAG. The quantitative distribution 
varied considerably between peel and pulp. The peel 
have  a  significantly  higher  concentration  of  phenolic 
compounds when compared to the pulp, agreeing with 
studies  of  Alonso-Salces  et  al.  2004,  McGhie  et  al. 
2005,  Veberic  et  al.  2005,  Petkovsek  et  al.  2007, 
Drogoudi et al. 2008 and Nicolas et al.1994 that also 
observed  phenolic compounds 3 to 10 times higher in 
the apple peel than the pulp.  
      The peel represents a small proportion of the apple 
fruit total weight. For this reason, it could be expected 
that this part was not of great importance as phenolic 
compounds  source.  However,  according  to  our  data 
and  in  agreement  with  Lata  et  al.  (2009),  the  peel 
contributes  significantly  with  phenolic  compounds 
because of the high concentration of these compounds 
in this tissue, going against common behaviors where 
only the pulp is consumed, discarding the peel. 
      Phenolic compounds of strawberries are shown in 
Figure 1C. The higher content of phenolic compounds 
was  obtained  using  acetone  75%  and  100%  as 
extractor with 2,478.28 and 2,385.82 mg 100 g
-1 EAG, 
respectively.  We  observed  significant  differences 
between the solvent extractors used, similarly to what 
was observed for apple peel and pulp, the descending 
order of extraction capacity was: acetone, ethanol and 
methanol. 
      Xu and Chang (2007) also observed in varieties of 
peas, the best efficiency of the acetone at extracting 
phenolic compounds, and  for these authors, acetone 
50%  extracted  the  greatest  amount  of  these 
compounds, while in lentil, soybean and two varieties 
of  beans,  phenolic  compounds  were  more  efficiently 
extracted with acetone 80%. 
Antioxidant  capacity.  As  antioxidants  content  is  an 
important quality parameter for fruits and vegetables it 
is  of  greatest  importance  to  know  the  best  way  to 
perform the analysis (Erkan et al. 2008). 
      In  this  study,  antioxidant  capacity  varied 
considerably  with  the  extractor  used  and  its 
concentration,  and  between  peel  and  pulp.  The 
antioxidant  capacity  depends  on  several  factors,  
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including  the  colloidal  properties  of  the  substrates, 
conditions and oxidation steps, the radicals formation 
and stability, as well as the antioxidants tissue location 
as  described  by  Pérez-Jiménez  and  Saura-Calixto 
(2006). 
      Figure 1D shows the antioxidant capacity values 
for  apple  pulp.  Acetone  50,  75  and  100%  had  the 
highest  antioxidant  capacity  values,  respectively 
1,481.64  μmol  100  g
-1  TEAC,  1,452.02  μmol  100  g
-1 
TEAC e 1406,30 μmol 100 g
-1 TEAC, and these values 
are  significantly  higher  when  compared  to  the  other 
extractors at different concentrations. 
      It is interesting to note that the order of increasing 
polarity of the solvents is as follows: acetone <ethanol 
<methanol  <water.  The  dielectric  constant  of  water, 
methanol, ethanol, and acetone are, respectively, 80.1; 
32.7;  24.6  and  20.7  (Peltonen  et  al.  2002).  The 
efficiency of extraction followed exactly in the opposite 
direction to the solvent polarity. Alasalvar et al. (2006) 
showed that acetone 80% is the most effective solvent 
for the extraction process, which is consistent with the 
results obtained here. 
      For  apple  peel  antioxidant  capacity  analysis,  the 
extractors tested behaved in a very similar way to the 
pulp,  and  acetone  was  statistically  the  most  efficient 
solvent  extractor.  Figure  1E  presents  the  results  of 
antioxidant capacity. Acetone 75 and 50% showed the 
highest  values  of  antioxidant  capacity,  being 
respectively 9,798.20 μmol 100 g
-1 TEAC  e 9,178.30 
μmol  100  g
-1  TEAC  on  fresh  weight.  The  antioxidant 
activity  varied  significantly  between  pulp  and  peel, 
reaffirming  the  importance  of  peel  as  a  source  of 
phenols with high antioxidant capacity. Strawberry, as 
much as apples, is one of the richest natural sources 
of antioxidants among fruits (Wang et al. 1996, Wang 
and Zheng 2001).  
      Strawberry fruits have high sequestration capacity 
of peroxyl radicals (ROO*), superoxide radicals (O2*-), 
hydrogen peroxide (H2O2), hydroxyl radical (OH*) and 
singlet  oxygen  (
1O2)  (Wang  and  Zheng  2001). 
Strawberries  antioxidants,  in  addition  to  being  free 
radical  scavengers,  are  able  to  act  as  peroxide 
decomposers,  singlet  and  triplet  oxygen  scavengers, 
enzyme inhibitors and synergistics (Larson 1988). 
      Figure  1F  shows  the  antioxidant  capacity  of 
strawberries. Acetone at concentrations of 50, 75 and 
100%  was  significantly  superior  when  compared  to 
other treatments 3,472.81 and 3,442.30 μmol 100 g
-1 
TEAC, respectively, in agreement with our results for 
apple peel and pulp. 
 
CONCLUSION 
 
The  results  show  that  the  extractors  studied, 
significantly affected the phenolic content in peel and 
pulp  of  apples  and  strawberries  and  thus  the 
antioxidant  capacity.  Acetone  was  more  effective  in 
extract the phenolic compounds in both species. The 
peel and pulp of apple and strawberries showed high 
antioxidant capacity, which confirms the role of these 
vegetables as important sources of antioxidants to the 
human  diet.  The  apple  peel  showed  phenolic 
compounds  and  antioxidant  capacity  much  superior 
when  compared  to  the  pulp,  which  suggests  the 
importance  of  the  apple  peel  consume  for  a  better 
utilization of the fruit properties. 
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SAS software. Treatments with different letters are statistically different based on Tukey test at 5% probability. 
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